UNCLASSIFIED 


AD NUMBER 
CLASSIFICATION CHANGES 


unclassified 


confidential 


LIMITATION CHANGES 


TO: 


Approved for public release, distribution 
unlimited 


FROM: 


Controlling DoD Organization: Naval 
Ordnance Systems Command, Washington, DC. 


AUTHORITY 


31 Jan 1974 per DoDD 5200.10; Naval 
Ordnance Lab ltr dtd 29 Aug 1974 


THIS PAGE IS UNCLASSIFIED 


UNCLASSIFIED 


AD 


DEFENSE DOCUMENTATION CENTER 


FOR 
SCIENTIFIC AND TECHNICAL INFORMATION 


CAMERGN STATIC’ ALEXANDRIA. VIRGINIA 


DOWNGRADED AT 3 YEAR INTERVALS 
iS) 


UNCLASSIFIED 


| Reproduced “by 
Armed Services Technical Information Agency 


ARLINGTON HALL STATION; ARLINGTON 12 VIRGINIA 


NOTICE: \'HEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR 
OT4ER DA" A ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION 
WI'H A DEINITELY RELATED GOVERNMENT PROCUREMENT OPERATION, 
THI U. 8, 'iOVERNMENT THEREBY INCURS NO RESPONSIBILITY, NOR ANY 
OBL.IGATIC‘N WHATSOEVER; AND THE FACT THAT THE GOVERNMENT MAY 
HAVE FO! AULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE SAID 
DRAWINCG:<, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY 
IMP1.ICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER 
OR ANY OTAER PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR 
PK RMISSIO?< TO MANUFACTURE, USE OR SELL ANY PATENTED INVENTION 
TiL\'T MAY IN ANY WAY BE RELATED THERETO. 


th se een, rips = apts ellie. de niemal nate est pin ceysanpts tenicheamese.terinnnigansp thdoeisaneeenens nieneamn ym etanemsitatinnsat iste stees patsichantemnnenteatan: ~ 


4 te 
ed ft 
ik 


caer 
\ ‘ 
BO gemma nee 


NAVORD REPORT 6783 


ary ve 
Cal cs 


‘i. 


STATIC STABILITY AND DRAG OF THE HOPI WEAPON (U) 


$$. 


FILE copy 


—— 


Roturn te 
ASTIA 
\RLENGTON HALL STATION~. 
ARLINGTON 12, VIRGINIA 
7 ‘ 


ois 
ASTIA Fite copy 


AD N 


Attn: Tisss < 


; 26 JANUARY 1960 


RELEASED TO ASTIA BY NAVAL QASNANCE 
LABORATORY 


: WHITE OAK, MARYLAND 
eg Ae 

2 

‘ 5 
saomagyes REMI NR Soh isd | 
Syctese oe anaes See ees 7 . 
BARE MRS RT en ij ‘ iy - <a. ade 
APD hd 


a8 
ats 


NAVORD Report 6783 
Aerodynamics Research Report 85 


STATIC STABILITY AND DRAG OF THE HOPI WEAPON 
Prepared by: 
Cc. J. Carroll 


ABSTRACT: This report presents the results of an investi- 
gation in the NOL Supersonic Tunnel No. 1 to measure the 
normal force, axial force, and pitching moment of the Hopi 


Weapon. These data were obtained at Mach numbers of 0.75, 
0.90, 1.57, 2.17, and 3.25, 
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The purpose of this investigation was to obtain normal force, 
axial force, and pitching moment on the Hopi Weapon. The 
wind-tunnel test was performed at the request of the U. S. 
Naval Ordnance Test Station (reference (a)), under task 
number NOL 415, 


This report may include technical data or other information 
which may be proprietary to parties other than the Government. 
The transmission by the Department of the Navy of this docu- 
ment is not to be regarded by implication or otherwise as 
licensing technical data or information disclosed herein for 
commercial purposes, as distinguished from governmental pur- 
poses, or conveying any right or permission to the recipient 


or any other person or corporation gaining access to this 
document, 


JOHN A. QUENSE', Acting 
Captain, USN 
Commander 


R. KENNETH LOBB 
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STATIC STABILITY AND DRAG OF THE HOPI WEAPON 


INTRODUCTION 


1. The Hopi Weapon is an air to surface, rocket assisted 
bomb being developed by the U, S. Naval Ordnance Test 
Station for the U. S. Navy. 


2. This report gives the results of a wind-tunnel investi- 
gation performed to determine the normal force, axial force, 
and pitching moment at Mach numbers of 0.75, 0.90, 1.57, 
2.17, and 3.25. 


SYMBOLS 
A reference area (nd7/4) 
c fin root chord length (in) (see Figures 1 and 2) 
c.g. center of gravity located at L/2 
Cy axial force coefficient (F,/aA) 
Cy normal force coefficient (Fy, /qA; 
Co pitching moment coefficient (Mg /qAd) 
d reference diameter (0.978 in) 
L model length (in) (see Figure 1) 
Fy axial force (lbs) 
Fy normal force (lbs) 
M Mach number 
My pitching moment (in-1bs) 
q dynamic pressure (psi) 
Ry nose ogive radius (in) 
Ro nose tip radius (in) 
Re/ft Reynolds number per foot 
s fin span (in) (see Figures 1 and 2) 
e angle of pitch in vertical tunnel center 
plane (deg) 
g angle of roll (deg) 
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MODEL NOMENCLATURE 


3. A drawing of the Hopi weapon configuration is shown as 
Figure 1, Two body configurations (By and Bo) were tested. 


These varied in length only, being 9.914 and 14.670 inches, 
respectively. There were 10 tail sections used in the test, 
one without fins and nine with different fin configurations, 
labeled Fy through Fy (see Figure 2), 


TEST TECHNIQUES AND DATA REDUCTION 


4. The data were obtained using a six~-component internal 
strain-gage balance (reference (b)). These data were re- 
corded on IBM cards using the automatic data recording 
system explained in reference (c). IBM 659 machines were 
used to reduce the wind-tunnel data to coefficient form using 
the equations given in reference (b). A correction was made 
to the data for the elastic deflection of the sting due to 
the aerodynamic loading. 


5. The model was placed in the wind tunnel at 0° yaw and 

swept through an angle of pitch range from -69 to +12° in 

2° increments, The roll attitudes tested were 0° and 45°, 
TABULATED DATA 


1. Model configurations tested and test information are 
listed in Table lI. 


2. Tabulated data follow Table I in sequence. 


3. The symbols used in the column headings are defined on 
Page 1. 


4. Runs are tabulated in sequence by Run Number. 


85. Column headings are shown on Run 1 of the tabulated 
data and are the same for all runs, 
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ALL DIMENSIONS IN INCHES 


FIN SPAN DIMENSIONS SHOWN 
ARE EQUAL TO S/2 


FIG. 2 HOP! WEAPON FIN DIMENSIONS 
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TABLE I 


MODEL CONFIGURATION AND TEST INFORMATION 
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_ Run M Config. g° a(psi) (Re/Ft) x 107° 
1 3.25 By 0 2.01 2.1 
2 3.25 BAF, 0 2.01 2.1 
3 3.25 BF, -45 2,01 2.1 
4 3.25 BAF, -45 2.01 2.1 
5 3.25 BLF3 -45 2.01 2.1 
6 3.25 BLF 4 ~45 2.01 2,1 
7 3.25 BAF, ~45 2.03 2.1 
8 3.25 BF, “45 2.01 2.1 
9 3,25 BiFg -45 2.01 2.1 

10 3.25 BAF. ~45 2.01 2.1 
V1 3.25 BAF 0 2.01 2.1 
12 3.25 BF, 0 2.01 2.1 
13 3.25 BAF. -45 2.01 2.1 
14 3.25 BF, -45 2.03 2.1 
15 3,25 BF, -45 2.03 2.1 
16 3.25 BAF. -45 2.03 2.1 
17 3.25 BDF. 0 2.03 2.1 
18 3.25 By 0 2.03 2.1 
19 1.57 By 0 5.97 4,2 
20 1.57 BOF. 0 5.97 4.2 
2 1,57 BAF, -45 5.97 4,2 
22 1.57 BOF, “45 5,97 4,2 
23 1.57 BoFo -45 6.01 4.3 
24 1,57 BF, -45 6.01 4.3 
25 1,57 BF, 0 6.01 4.3 
26 1,57 BF. 0 6.01 4.3 
27 1.57 BF. “45 6.01 4,3 
28 1,57 BAF, ~45 6.01 4.3 
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TABLE I (Cont.) 


a(psi) 


(Re/Ft) x 107° 


pe See a a ae 


BF, 
BAF, 


BUF, 


ByF3 


BiF 
BiFo 
BAF, 
ByF) 


B) 


By 


BF, 
ByFo 
BF) 
BF 
BF, 
ByFo 
BAF, 
BiFg 
BiFs 


BF 5 


BF, 


BF, 
By 

BiFs 
BFS 
BiF, 
BF, 


BiFe 


BiF4 


1 


-45 
-45 
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6,01 
6.01 
6.01 
6.01 
6.01 
6,01 
6.01 
6,01 
6,01 
4.72 
4,72 
4.72 
4.72 
4.72 
4.72 
4.78 
4,78 
4.78 
4.78 
4.78 
4.78 
4,78 
3.83 
3.83 
3.83 
3.83 
3.83 
4.65 
4.65 


4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4,3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.0 
4,0 
4.0 
4.0 
4.0 
3.5 
3.5 
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TABLE I (Cont.) 


Run M Config. g° q(psi) (Re/Ft) x 1076 
PR A Fe tee EY re EN ea lee ae ec ee ERE ee NL eo IED a SI 
58 2.17 BF. ~45 4.65 3.5 
59 2.17 BFFs 0 4.65 3.5 
60 2.17 By 0 4.65 3.5 
61 2.17 Bo 0 4.65 3.5 
62 2.17 BoF 5 0 4.65 3.5 
63 2.17 BoFs -45 4.65 3.5 
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